Objective. Back stiffness is a common complaint among older adults with low back pain. Nonetheless, self-reported back stiffness has received little exploration in this patient population. The purpose of this study was to examine the associations of self-reported low back stiffness with physical health and low back pain-related disability among older adults with low back pain.
Introduction
Arthritis, which is defined as inflammation of joints, is the leading cause of physical disability [1] , and is responsible for nearly 25% of new cases of activities-ofdaily living (ADL) disability [2] . In the United States alone, by 2030, it is estimated that arthritis will affect an estimated 67 million adults [3] . More than 50% of arthritic cases will be among adults 65 years [4] . In this subgroup, the 2-year incidence rate of ADL disability has been reported to be 9.3%, while the rate is 4.5% among those without arthritis [2] .
Arthritis is characterized by symptoms of joint pain, stiffness, and swelling; the low back is the most commonly affected body region [5] . Among older adults, functional limitations are twice as prevalence among those with arthritic back symptoms when compared to those without symptoms [6] . Globally, low back pain (LBP) is the most common musculoskeletal disorder [7] . Older adults with LBP have lower self-reported physical health when compared to LBP-free peers [8] ; in fact, physical health is a strong discriminator between those with and without LBP [9] . While relationships between LBP and function-that is, physical health and disability [10] have been explored among older adults, associations between low back stiffness and physical function, is an area for future research.
To date, most explorations of low back stiffness complaints have focused on morning stiffness among individuals with rheumatoid arthritis (RA) [11] [12] [13] . For example, Yazici and colleagues found that RA morning stiffness, specifically stiffness duration, had a greater association with functional disability than traditional markers of inflammation, such as total number of joints affected and erythrocyte sedimentation rate [11] . Further, greater RA morning stiffness severity has been associated with reduced functional capacity, with a notable association between severe morning stiffness and early workforce retirement [12] . When comparing symptom duration versus severity in individuals with RA, investigators have found that stiffness is better evaluated using severity [13] . Stiffness severity has been assessed using a 10-cm horizontal line where "0" ¼ "none" or "no stiffness" and "10" ¼ "very severe" or "extreme stiffness" [12] . Exploration of stiffness severity in older adults with localized pain, such as LBP, using a similar scale, may improve our understanding of relationships between stiffness and physical function among older adults with LBP.
Clinically, we have found back stiffness to be a common complaint among older adults with LBP. The purpose of this cross-sectional analysis was to examine the associations of self-reported back stiffness with physical function. We hypothesized that back stiffness would be independently associated with [1] physical health in older adults who had experienced LBP in the past year and [2] self-reported disability in older adults with 'current' LBP.
Methods
One thousand independently living, community-dwelling men and women, aged 62 years, residing in four continuing care retirement communities (CCRCs) in Maryland and northern Virginia, were actively recruited as part of a population-based survey study (i.e., the Retirement Community Back Pain Study). A staff member at each facility randomly selected and sent a survey to 250 potential participants, allowing the researchers to remain masked to participants' identities. Four weeks were allotted for survey completion. See previously published studies regarding further details on participant recruitment, sampling methodology, and survey questions [8, 14] . Participant data was included in the primary analysis if the individual reported LBP in the past year; the low back region was defined as the bottom of the rib cage to the gluteal fold. Data was included in the secondary analysis if the participant met the criteria for the primary analysis and had 'current' LBP resulting in modification of daily activities. Study data could not be linked to the respondents. Therefore, procedures were exempt from institutional review; but, the study was approved by the National Institute on Aging Intramural Program (via a Clinical Investigator's Meeting) and the Research Advisory Board for the CCRCs [8] .
Data on sex, race, education level, weight, and comorbidities was provided by the participants. Stiffness was defined as "not moving or operating easily or freely." Participants rated their low back stiffness severity on a 0-10 scale as used in prior studies [12, 13] . Self-rated "current" LBP intensity was collected using the Numeric Pain Rating Scale where "0" indicated "no pain" and "10" indicated "extremely intense pain." Those with current LBP were also asked to report the duration of their LBP in months.
Self-Report Questionnaires
LBP-related disability was assessed using the modified Oswestry Low Back Pain Disability Questionnaire (mOSW), a reliable and valid measure for older adults with varying LBP severity [14] . Higher percentages indicate greater LBP-related disability [15] . The Medical Outcomes Survey Short-Form 36 (Short Form-36) has established psychometric properties and can be divided into two subscales-that is, the physical component summary score (PCS) and the mental component summary score [16] . The PCS, which was used as a measure of physical health for the primary analysis, contains four domains: physical function, physical role, bodily pain, and general health [17] . Norm-based scores range from 0 to 100, with 50 indicating "average health" status and 100 representing most favorable health status [18] .
Statistical Analysis
All analyses were performed using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC). Descriptive analyses were performed for the sample (n ¼ 96). Separate hierarchical linear regression models were developed using the following dependent variables: PCS and mOSW. This approach allowed us to examine the independent contribution of stiffness to overall physical health-that is, primary analysis, and LBP-related disability (such as secondary analysis)-among older adults. Severity and duration of LBP, age, sex, weight, education level, and co-morbidities-that is, cancer, diabetes, stroke, heart disease, and pulmonary dysfunction-were entered in the first step of each model followed by self-reported back stiffness in the second step.
Results
Fifty-two percent of the 1000 individuals surveyed, responded and supplied data [8] . Of the 522 respondents, 96 had experienced LBP with back stiffness in the past year, and were included in the primary analysis (i.e., PCS model). Of the 96, 59 participants reported 'current' LBP and completed an OSW, and thus, were included in the secondary analysis (i.e., mOSW model). No significant differences were found between included and excluded respondents for any demographic factors (P > 0.05). Descriptive characteristics of the respondents are summarized in Table 1 .
As shown in Table 2 , for the PCS, factors in model 1-that is, LBP intensity and duration, age, sex, weight, education level, and co-morbidities-explained 27% of the variance in physical health (P < 0.0001). After accounting for pain characteristics and demographic factors, the addition of back stiffness explained an additional 6% of the variance in the PCS (P < 0.0001). Among individuals with current LBP, for the mOSW, factors in model 1, explained 38% of the variance (P ¼ 0.0002), while the inclusion of back stiffness, explained an additional 10% of the variance (P < 0.0001).
Discussion
Patel and colleagues conducted a population study of 7,601 older adults residing in the community and retirement and assisted-living facilities; 30% reported LBP in the past month [19] . We have previously reported that LBP prevalence in the past year for our sample was 48% in this sample [8] . Differences in recall time-that is, past month versus past year-may help to explain greater prevalence rates in our patient population. Our population study is among the first to establish the prevalence of LBP plus stiffness symptoms (i.e., 18%, among older adults).
Jensen et al proposed pain descriptors uniquely contribute to the prediction of pain interference on function [20] , which ultimately impacts physical health and disability.
Based on our results, low back stiffness may be a key descriptor, as stiffness, independent of pain, helped to explain physical health and LBP-related disability among our community-dwelling, older adults who had experienced LBP in the past year. These results suggest that clinicians who are solely addressing LBP in this patient population may be missing an opportunity to improve clinical outcomes by concurrently treating stiffness.
Previous investigators have addressed back stiffness using continuous low-level heat and shown immediate improvements in back stiffness [21] . In patients with knee osteoarthritis, aquatic exercise has been shown to be beneficial for reducing lower extremity stiffness complaints [22] . In the lower extremity, self-reported stiffness has been shown to be significantly correlated with physical performance as assessed with the Berg Balance Scale [23] . The short-and long-term effects of heat and exercise on back stiffness, and the relationship of back stiffness to physical performance and resultant disability, remain areas for future research.
Among individuals with hip and knee osteoarthritis, stiffness complaints are common and may serve as prognostic factors for functional decline [24] . Our results indicate a cross-sectional association between self-reported back stiffness and physical function among older adults with LBP. Prospective, longitudinal investigations of this relationship are needed to determine if low back stiffness severity can similarly serve as a predictor of future health and disability among older adults with LBP.
Future studies may utilize self-rated stiffness severity in combination with other measures of stiffness. The Lumbar Stiffness Disability Index is a self-report questionnaire, which has been recently used to evaluate the impact of spinal stiffness on ADL performance among those undergoing spinal arthrodesis [25, 26] . Posteriorto-anterior joint mobilizations, suggested by some to be a perception of spinal stiffness rather than segmental motion [27] , are clinically used to determine the need for interventions that may decrease spinal stiffness and enhance spinal mobility. Electromagnetic tracking systems with force platforms have been used to reliably measure spinal angular displacement during posterior-to-anterior force application (i.e., joint mobilizations), which allows for calculation of spinal bending stiffness [28] [29] [30] .
Latimer and colleagues found that individuals with LBP had increased lumbar stiffness coefficients as determined from a calculation obtained from a device that measured posterior-to-anterior force displacement [31] .
More recently, reliability has been established for use of a handheld device, the posterior-anterior pressure Puffin, for assessment of spinal stiffness [32] . Evaluation of relationships among self-reported back stiffness and other measures of spinal stiffness may enhance our understanding of back stiffness.
Back stiffness has been reported as an adverse effect of manual therapy-that is, spinal manipulation, mobilization, massage, and stretching-when treating individuals with LBP [33] and a long-term effect of lumbar arthrodesis [34] . In the former, one might consider that stiffness is the result of an acute inflammatory process, while in the latter, stiffness may be the result of mechanical fixation. Interestingly, experienced health professionals associate back stiffness with both inflammatory and mechanical LBP; thus, it may not be a helpful discriminatory descriptor with respect to the pathoanatomical process underlying stiffness [35] .
Study Limitations
As this was a survey study, we only included self-report measures, therefore, recall bias is a limitation. While other descriptors (e.g., tired, swollen, weak) may be used among adults with LBP, the survey only specifically inquired about stiffness; future studies may evaluate whether other descriptors are similarly correlated with physical function and/or LBP-related disability. When compared with males, females with arthritis report greater disability [1] . Given a predominantly female sample (i.e., 76%), associations between back stiffness and disability may be inflated. Older adult minorities with arthritis are known to have greater functional declines [36] . Given that our sample was 100% Caucasian, it is also possible that our lower LBP-related disability scores may have resulted in an underestimation of the relationship between stiffness and LBP-related disability.
Conclusions
Low back stiffness is independently associated with physical health and disability in older adults with LBP. Longitudinal research is needed to determine if stiffness helps to predict physical function and disability. Ultimately, assessment and treatment of back stiffness in older adults with LBP may help to maximize patient outcomes.
